
INTRODUCTION 
Breast cancer has surpassed all other female causes of 
morbidity in recent years. Numerous treatments, including 
radiation, chemotherapy, immunological therapy, targeted 
therapy, and hormone therapy, are available for treating 
breast cancer. In 2007, the  Food and Drug Administration 
(FDA) approved the use of Raloxifene (RAL) to address 
breast cancer. The FDA originally approved it in 1997 for 
the treatment of osteoporosis. RAL has been discovered to 
be an estrogen-receptor inhibitor, reducing the risk of both 
endometrial and invasive breast cancer. RAL was used to stop 
estrogen reliance on breast cancer development by interacting 
through the estrogen receptor in mammary tissues deprived of 
harming endometrial cells. RAL has a high permeability, but 
its bioavailability in humans is only 2%, which is extremely 
low. Due to P-glycoprotein efflux, gut wall glucuronidation, 
and considerable first-pass metabolism in the liver, RAL also 
has limited bioavailability.1

Nowadays, polymeric micelles have become a promising 
carrier for poorly water-soluble drugs and also for enhancing 
kinetic stability. Polymeric Nanomicelles have a spherical 
shape, resulting from the self-assembly of such a hydrophobic 
micelle core surrounded by a hydrophilic palisade. Moreover, 
mixed nanomicelles draw much more attention than single 
polymeric micelles to enhance stability, low toxicity, high 
tumor selectivity, penetration, and high drug loading efficiency. 
Additionally, polymeric nanomicelles contain complex 

designs on the size of particles and occurrence to prevent 
macrophage phagocytosis, hence dramatically increasing the 
drug’s anticancer activity and minimizing its harmful and 
side effects.2-9 

Poly lact ic-co-glycol ic acid50:50 (PLGA50:50) is 
biodegradable copolymer of an equal ratio of polylactic 
acid and polyglycolic acid. PLGA50:50 is the most promising 
biodegradable and biocompatible polymer, which has a high 
degradation rate as compared to PLGA65:35, PLGA75:25, and 
PLGA85:15. RAL-loaded PLGA50:50 nano-micelles were 
characterized by various parameters for instance, Particle 
size, particle size diameter, zeta potential, morphological 
characterization like, SEM, %drug loading and %entrapment 
efficiency, in-vitro RAL release profile.10-27 

METHODS

Methods and materials 
Dr. Reddy’s Laboratory generously provided Raloxifene 
(Hyderabad, India). The acquisition of PLGA50;50 from 
Nomisma Healthcare (Vadodara, India). The remaining 
solvents all came from the analytical grade. 
Formulation and Characterization of Polymeric Nano-
micelles 

Preparation of Blank Micelles 
The polymeric nanomicelles were made by a solvent evaporation 
method. Firstly, triblock copolymer (PLGA50:50 10 mg)  
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was dissolved into the acetone, following the mixture was 
added into deionized water (10 mL) with the help of magnetic 
stirrers at 2–8ºC until a blush tint color clear solution was 
formed.24-26 
Characterization of Polymeric Nanomicelles  

Fourier Transmittance Infrared Spectroscopy (FTIR) 
Analysis
Polymeric characterization has been carried out by FTIR 
analysis using NEXUS 470 FTIR spectroscopy (Nicolet, USA) 
for functional group analysis.
Particle size measurement & Zeta potential 
measurement: Static and Dynamic Light Scattering
A dynamic laser-light scattering instrument measured the 
particle size and zeta potential of RAL (Zeta Sizer, Parul 
Institute of Pharmacy and Research, Parul University). 
Nanomicelles size was determined using a static scattering 
angle of 90 at 25ºC, and the data were estimated using volume 
distribution. Simultaneously, the zeta potential of nano-
micelles was analyzed at 25ºC.
%Drug entrapment efficiency and drug loading efficiency
A UV–visible spectrophotometer set to 287 nm was used to 
determine the amount of RAL in the micelles. The following 
formula was utilized to calculate the %drug loading of 
raloxifene content and %encapsulation efficiency (EE).

Because of raloxifene is poorly water-soluble drug (11 ng/mL), 
a water content was omitted while comparing %loading 
capacity of nano-micelles. As a result, free raloxifene in water 
was not to be considered in the calculation of %DL and %EE.
In-vitro Dissolution profile 
RAL-loaded micellar dispersion equivalent to 1 mg of RAL 
remained wrapped in a dialysis bag. The sealed bag was 
suspended in a 20mL methanol: phosphate buffer (7.4 pH) 
solution. Nano-micellar solution was stirred at 100 RPM at 
37ºC ± 0.5ºC. At specific time intervals, each 1-mL withdrew 
and substituted with an equivalent volume of fresh diffusion 
medium. Check absorbance in UV. In-vitro drug dissolution 
study was compared with a standard drug. 
Stability Study
The storage stability was determined by particle size, PDI, and 
visual inspection of micelles for 15 days. 
Scanning Electron Microscopy (SEM)
SEM determined morphological study of lyophilized micelles. 

RESULTS AND DISCUSSIONS 

FTIR Analysis
Figures 1 and 2 represent the FITR spectra of RAL and 
PLGA50:50. The peaks at 1466.76, 1642.35, and 1245.53 cm-1 are 
shown for aromatic rings, keto, and oxo group, respectively, 

similar to the site of PLGA. The methyl group properties of the 
polymer were ascribed to the peaks at 1455 as well as 1352 cm-1. 
The properties of the polymer’s methylene group placed near 
the oxygen atom as well as the C-O-C group, were observed 
to have maxima around 2877 and 1100 cm-1.
Particle Size, PDI, Zeta Potential, and Morphological 
Characterization
Figure 3 depicts the size distribution of RAL-loaded 
nanomicelles. RAL-loaded polymeric micelles had a zeta 
potential of roughly -0.71 mV, implying a practically neutral 

Figure 1: FTIR spectra of ral

Figure 2: FTIR spectra of plga50:50

Figure 3: Size of RAL-loaded polymeric micelles 
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surface charge. Blank micelles and RAL-loaded micelles had 
similar average sizes of 84.29 and 95.41 nm, respectively, 
with a tight distribution pattern. The micelles’ PDI value was 
found to be 0.182. Micelles with sizes between 20 and 100 nm 
have been seen, and they may effectively accumulate by 
passive diffusion in highly permeable malignancies. When 
constructing micelles, which represent the features of diffusion 
over the mucous layer or cellular absorption of epithelial cells, 
size plays a significant role. In micelles, size and surface charge 
are important factors in pharmacokinetic measures as well as 
biodistribution, stability, and diffusivity.

%Entrapment Efficiency (EE) and %Drug Loading (DL)
%DL and %EE were found to be 16.08 ± 0.34% and drug 
loading 5.04 ± 0.002% (w/w), respectively. 
In-vitro Dissolution Profile
In the Figure 4, the in-vitro dissolution study, polymeric nano-
micelles give a controlled release effect compared with plain 
drug and enhance raloxifene solubility.
Storage Stability of Drug-Loaded Micelles
After 15 days there were small changes in particle size 
(110 nm) and PDI, but still, it is monodispersed.
Scanning Electron Microscopy (SEM)
SEM images of RAL- loaded micelles was shown in Figure 5 
PLGA-loaded RAL micelles were spherical in shape and 
particles in the agglomerated state.

CONCLUSION
From the above study, putting in nutshell, Raloxifene loaded 
PLGA50:50 micelles were successfully prepared by solvent 
evaporation method and encapsulated hydrophobic drugs 
(Raloxifene). Nanomicelles have less size (40–100 nm) due to 
the smaller size it gives a better absorption and good dynamic 
stability thus it enhances drug solubility as well as it improves 
stability of RAL-loaded micelles. These findings suggested 
that PLGA nanomicelles are highly suitable drug carrier 
for water-insoluble drugs, potentially improving solubility, 
biodegradability and bioavailability.27 Furthermore, from 
in-vitro dissolution studies it can be concluded that, PLGA50:50 
would help micelles gives controlled release profile for longer 
period of time and prolong circulation time.28,29
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